Soil erosion is one of the major factor affecting sustainability of agricultural production in Ethiopia. This research applied recently validated RUSLE soil erosion model based on 6 to 14 years data for the Ethiopian highlands to estimate soil erosion and to evaluate soil conservation strategies in the Koga watershed. In this study, the average annual soil loss rate determined is 30.2 t ha −1 yr −1 . The lowest soil loss is estimated about 12.1 t ha −1 yr −1 around the outlet of the Koga river which is greater than the minimum tolerable soil loss (2 t ha −1 yr −1 ). The highest soil loss is estimated from the steep 5 slopes of upper watershed which is 456.2 t ha −1 yr −1 by far higher than the maximum tolerable soil loss (18 t ha −1 yr −1 ).
gravate soil erosion and productivity declines, resulting in food insecurity of small holder farmers. The annual rate of soil loss in the country is higher than the annual rate of soil formation rate (Hurni, 1993) . Annually, Ethiopia losses over 1493 million tones of topsoil from the highlands due to erosion which can add about 1.5 million tons of grain to the country's harvest (Hurni, 1993; Lulseged and Paul, 2008; Yitbarek et al., 2012; Erkossa et al., 2015) .
About 43% (537,000 km 2 ) of the total highland areas of Ethiopia are highly affected by soil erosion with an estimated average 15 of 20 t ha −1 yr −1 and measured amounts of more than 300 t ha −1 yr −1 on specific plots (Hurni, 1990; Paulos, 2001; USAID CRSPT, 2000) . Whereas the Blue Nile basin lost fertile soils with a rate of 131 million t yr −1 soil (Betrie et al., 2011) . Lack of appropriate soil conservation measures and poor land use management have played a great role for serious soil erosion problems in the country. So far, little or no sufficient documents have been available on the contribution of the different soil conservation measures implemented on soil loss reduction at Koga watershed. The case of the study area (Koga watershed) as 20 part of the highlands of Ethiopia and upper part of Blue Nile basin is affected soil erosion problems. Soil erosion risk differs spatially because of heterogeneous topography, geology, geomorphology, soil types, land cover, and land use. This research has estimated soil loss rates and evaluated soil conservation measures at Koga watershed based on an integrated approach of RUSLE soil erosion model and field measurements. The study was carried out at Koga watershed which is one of the major river watersheds at the source of river Blue Nile, in North western Ethiopia (Fig. 1 ). It is located in the central highland ecoclimatic zone of Ethiopia between 11 o 10 06 " to 11 o 24 22 " N latitude and 37 o 02 48 " to 37 o 17 41 " E longitude surrounded by high mountains rise up to 3100m which serves as the main source of water streaming in the rivers that feeds the Koga irrigation dam. Whereas the lowland part of the watershed 30 is gently sloping which is 1880m above sea level.
In the upper catchment of the study area, more than 60% of the land is under intensive cultivation whereas more than 80% of the watershed area is under cultivation in the lower catchment below Koga dam. The area has Tepid Moist Mid Highland high annual rainfall variability. The monthly average (2000 to 2015) of Merawi station illustrates that 94% of falls occur in the months between May and October. Due to rugged topography and rainfall extremes, the probability of removing soil and aggravating mass movement is so high.
Research Methods

5
Soil loss at watershed level is caused by the interplay of physical, hydrological and land management practice. Therefore a mixed approach of field investigation and integrated RUSLE modelling are being adopted for soil erosion assessment for development of SWC measure scenarios. To assess the rate of soil loss in Koga basin and mapping erosion risk and conservation sites, topographic surface, meteorological, geological soil type, land use and SWC practices were collected (Fig. 2) . Representative land use and land cover classes was generated from SPOT image (2.5×2.5m spatial resolution) supported with ground Devastation of existing soil conservation measures and poor quality of design significantly aggravate soil erosion processes in the study area. Major soil and water conservation structures were identified. Using simple random sampling method sample plots were selected to evaluate the land use, farm bunds and check dam structures on the top, middle and lower part of the 5 watershed. For evaluating existing land use, farm bund and check dam parameters a total of 27, 21 and 21 soil conservation structures respectively were measured. Treatment-Oriented capability classification scheme that has been tested in the northern highlands of Ethiopia and the national SWC guideline (MoARD, 2005) were applied for the present work.
Result and Discussion
10
Soil erosion risk differs spatially in the study area because of its rugged topography, geomorphology, landform, soil types, land cover, and land use. The rainfall erosivity, soil erodibility, slope length, slope steepness, cover-management and erosion control practice parametric factors were prepared and converted into same resolution raster layers. The RUSLE model is multiplication of unique value of each spatially corresponding grid cell in the six raster layers. Adaptation of the USLE to the Ethiopian-Eritrean Highlands conditions was carried out by Hurni (1985) using data from two to five years of research in six 15 Soil Conservation Research Projects (SCRP) stations (without Dizi, as it was not established at this time). For the estimation of soil loss, the following data analysis from different sources was used.
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Rainfall Erosivity (R-Factor)
Hurni (1985) developed and used an empirical equation (−8.12 + 0.562P ) to estimates R−value for the Ethiopian highlands from annual total rainfall (P) from two to five years of rainfall data. But after Hurni, a value of 0.88 high correlation for monthly precipitation (x) and monthly erosivity was found in the Ethiopian highlands using the regression equation of (0.55x − 4.7) (Kaltenrieder, 2007) from 14 years of rainfall data and this equation is used in this research. Considering topographic variation, 5 the R factor was determined from long term rainfall data collected from six different climatic stations: Meshenti, Adet, Merawi, Tissabay, Durbete, and Dangla from the year 2000 to 2015. There is spatial variation of rainfall caused by topographic variations and the downstream receives less rainfall than the plain of the upstream watershed (Fig. 3 ). The range of the rainfall erosivity computed varied from 1481 to 1885 MJ mm ha −1 yr −1 with the average value of 1404 MJ mm ha −1 yr −1 . R-values are reliable for the study area with an average erosivity validated from SCRP experiments from the same agro ecological zone. 
Soil Erodibility Factor (K)
The soil erodibility factor reflects the combined effect of soil properties of texture, permeability and organic matter. For the area of Koga watershed, there are totally ten types of soil classes in the study area (table 1). The dominant soil type is Haplic Alisol.
K factor for each soil type were estimated by its relation with soil characteristics based on the detailed soil map (Fig. 4 ). Finally 15 5 Solid Earth Discuss., doi: 10.5194/se-2016-120, 2016 Manuscript under review for journal Solid Earth Published: 8 September 2016 c Author(s) 2016. CC-BY 3.0 License. the thematic soil types were reclassified to K values by using various data and recent studies adapted to Ethiopian highlands (SCRP, 2002; Erdogan et al., 2007; Kaltenrieder, 2007; Andersson, 2010) . The spatial distribution map of K factor derived from the final soil map (Fig. 4) .
The erodibility map show that Lithic Leptosols and Eutric Gleysols are highly susceptible to soil erosion with K values of 0.32 and 0.31 respectively followed by the highland area Luvic Phaeozems and Chromic Cambisols that have 0.23 K value which 5 are moderately sensitive to erosion. 
Slope length and steepness factor (LS)
The combined LS factor is the effect of slope length and slope steepness on soil loss. In RUSLE, the LS factor is relative to the site conditions with the "standard" slope steepness of 9% and slope length of 22 m plot (Wischmeier and Smith, 1978; Renard et al., 1997; Robert and Hilborn, 2000) . Length and steepness of a slope affects the rate of soil erosion from study site. The slope length and steepness were computed from the DEM using ArcGIS Spatial analyst plus and arc hydro extension.
5
Contours were digitized from a 1:50,000 topographic map prepared by Ethiopian mapping agency. DEM of the study area was interpolated using spline at 10m vertical interval and 0.01m vertical resolution from digitized contours.
As shown in figure 5, spatial variability of the LS factor has been derived from 20 meter resolution DEM of the study area based on the following equations (Renard et al., 1997; Kaltenrieder, 2007) : The combined LS factor value in the study area varies from 0 to 211, with mean and standard deviation of 3.54 and 2.95 respectively. Majority of the lowland part of the watershed is gentle slope with minimum LS value.
Cover Management (C factor)
The C-factor represents the effect of plants, crop sequence and other soil cover surface on soil erosion. The cover management 10 factor is the ratio of soil loss from vegetated plots versus bare soil plots with values between 0 and 1 (Wischmeier and Smith, 1978; Robert and Hilborn, 2000) . In this study, C Factor is expressing qualitative properties of a specific plot which has to be artificially quantified using empirical process, i.e. expressed by a number, in order to be able to calculate soil loss using Figure 6 . Map of land cover and their C values (after Hurni, 1985; Wischmeier and Smith, 1978) RUSLE. Due to spatial and temporal variations, many studies used remote sensing data to classify land use and land cover units for quantification of C values with intensive ground truth (Beskow et al., 2009; Karydas et al., 2009; Tian et al., 2009) .
For the study area, representative land use classes were delineated. C-factor is determined from land cover classes as shown in Fig. 6 . Land cover of the study area consists mainly of agricultural lands. The long term reliable crop cover data in the Soil Conservation Research Project (SCRP 2000a (SCRP -f, 2002 database files and reports (SCRP 1982 (SCRP , 1983 (SCRP , 1984 (SCRP , 1986 (SCRP , 1988 (SCRP , 1991 (SCRP , 5 2000 (SCRP , 2002 were used to calculate the mean C values by averaging each record for a particular land use.
Erosion Management Practice (P-factor)
Erosion management practice is also one of the factor that has significant effect on soil erosion rate. The entire study area is 10 not treated with permanent soil and water conservation measures; there is only a small area that has been treated with terracing, strip cropping, mulching and stone cover. Due to lack of data on permanent conservation measures, P-values suggested by Wischmeir and Smith (1978) , Shi et al. (2002) and Bewket and Teferi (2009) 7 . Spatial distribution of P factor map (Wischmeier and Smith, 1978; Shi et al., 2002; Bewket and Tefera, 2009) the slope percent to assign different P-value for each slope classes (0-2%, 2-5%, 5-8%, 8-15%, 15-30%, and >30%). P value 10 Solid Earth Discuss., doi: 10.5194/se-2016-120, 2016 Manuscript under review for journal Solid Earth Published: 8 September 2016 c Author(s) 2016. CC-BY 3.0 License.
ranges from 0 to 1 depending on the soil management practices employed on the farmers' plot of land (Fig. 7) . Open areas with no conservation measures are given a value of 1.
Annual Soil Loss Estimation within Koga Watershed
The annual soil loss rate was determined by a cell-by-cell analysis of the soil loss surface by multiplying the respective RUSLE factor values computed by the Equation:
Where A is the annual soil loss (metric t ha −1 yr −1 ) resulting from sheet and rill erosion. On the fact that RUSLE does not account for gully erosion or mass movements. These parameters were determined based on model calibrated for Ethiopian
Highlands by Kaltenrieder (2007) . Various researchers and model initiators made a first attempt to adapt the USLE to the Ethiopian-Eritrean Highland conditions using 2 up to 5 years of measurements in six research stations available at that time 10 (Hurni, 1985; Renard et al., 1997; Nyssen et al., 2008) . Figure 8 shows the spatial distribution of annual soil loss estimates using RUSLE model that ranges from 12.1 t ha −1 at the outlet to 456.2 t ha −1 at the upper part of the study area for 2015. High soil 25 loss rates were observed at the upper parts of the study area and along the sides of rivers. Soil loss rates from these areas were above 50 t ha −1 yr −1 (Fig. 8) . The statistical values in table 3 revealed that the rate of soil loss has a significant correlation with the slope conditions in the area. 
Driving forces of erosion
Ordinary least square regression analysis on 13077 hill slopes locations of the entire watershed indicates soil loss has high correlation with land use/ land cover and topographic factors. The overall coefficient of determination (R 2 ) is 92% for the former and 89% for the later. The result indicates the influence of land use and topography for soil loss in those randomly sampled hill slope locations show strong correlation in the entire basin. 74% of the erosion comes from steep slope part of the 5 watershed. GIS zonal analysis of the effect of land use and cover on soil loss per land use is compared (Table 4 ). Cultivated land show the highest annual soil loss because of cultivation of steep slopes. 80% of the total soil loss comes from cultivated land followed by grass land. From field observation it was also found that there is cultivation on the steep slope side of the mountains and hills. Uncontrolled free grazing in the communally owned grass land is a common practice triggering high soil loss.
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In the foot slope part of the hill slope on the other hand, high erosion occurs at the banks of the major streams and the reservoir because of extensive cultivation and over grazing on friable soil where there is less vegetation cover. The effect of soil erodibility is also another factor for the variation of erosion in the basin. The soil types constituting 32% (table 1) of the area mostly in the upstream are characterized by poorly to moderately drained, stony and shallow soil type having moderate infiltration rates; altogether results high erodibility factor. Therefore high erosion in Koga Basin is strongly attributed to land 15 use problem, free grassing and cultivation on steep slope hills and mountains especially in a longer slope length and convex shape.
Evaluation of SWC structures
The basis for the implementation of the SWC interventions on a large scale was the 1975 land reform. After analyzing the risks of soil, water and land degradation, the government of federal democratic republic of Ethiopia (FDRE) has intensively 20 launched the natural resource development work through public mobilization since 2010 (Badege, 2001; MoARD, 2010) . The
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SWC activities were carried out using food aid in the form of food-for-work.
The RUSLE is one of the critical tools for the assessment of the situation concerning erosion in a specific area. The factors do help give information about the soil erosion symptoms. In addition to RUSLE, evaluation of soil conservation measures provides information about the backgrounds of erosion symptoms for designing appropriate solutions to the problem. This study evaluated the current land uses against treatment oriented capability classification (TOCC) prioritization (MoARD, 2005) 5 for soil conservation planning. Existing soil conservation practices on 27 farm plots (10 plots on the middle and 17 plots at the upper watershed) with dimension of 100m*100m at every 200 meters spacing were identified and compared with the standardized practices which will form the basis for future monitoring of soil erosion and sedimentation at Koga dam and the watershed as a whole. Rating of existing land use type versus its required soil and water conservation structures is presented in table 5 based on the information collected from the field. 3.9 Evaluation of current and recommended soil conservation structures 5 From 63 farm bund structures surveyed, the horizontal distance and vertical intervals of only 22 spots (34.38%) were constructed based on the standardized package set on the national guideline ( Table 6 ). The remaining 41 terraces do not met the minimum standards mentioned in the national standardized package. The horizontal distance between existing terraces range between 8 to 28 m, with an average of 14.7 m for slope 3% to 20% of plots. The main reason for the failure to achieve sustainable conservation structures is lack of knowledge and skill on construction practices. In addition, most farmers perceived that 10 constructing bunds in narrow spacing may create difficulty in plowing activities. Large numbers of bunds reduce farm size at the same time needs much labor force to implement.
The result (Table 6) For this study, RUSLE was used to calculate soil loss rate which is adopted and validated for Ethiopian Highlands. The study reveals that remotely sensed data and GIS based approach becomes effective techniques to estimate watershed based soil loss rate in data scarce conditions. The RUSLE predict very high erosion with an average soil loss 30.2 t ha −1 yr −1 and total soil loss is estimated as 10.8 million t ha −1 yr −1 , which is very high. High erosion in the basin is caused by topographic 5 factors shaping basin morphology; cultivation and over grazing on erosion sensitive locations such as on steep slope hills and mountains terrain units; banks of the river where the soil is fragile to be easily worn away.
Soil loss depends on the current land use and the type of soil and water conservation structures. In general, only 30.56% of different soil conservation practices fulfill the national technical standard of conservation measures at Koga watershed.
Even the constructed conservation structures are not managed properly. The common forms of erosion in the watershed are 10 rill and sheet erosion coming from hillside, steep slope mountain and over cultivation. Therefore to minimize erosion risk in the watershed, standardized conservation measures considering local topographic variation have been constructed to sustain agricultural practice.
